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I TECHNICAL REQUIREMENTS

A. The timer shall be capable of being externally started, stopped, and be
resettable an indefinite number of times.

B. The timer shall have all manually operated controls at the front in order
to permit all necessary operations therefrom.

C. The timer shall be capable of being set to a minimum time delay of one
(1) day, and be settable in one (1) day increments from one (1) day to three hundred
and sixty=-five (365) days.

D. A positive safety shall be provided to prevent the timer from function~-
ing for a time delay of less than one (1) day or accidently fired on setting.

E. A visual indication shall be provided to indicate the set time and the
time delay remaining when the timer is running.

F. On starting the timer, there shall be a visual indication that the timer
is operative.

G. The timer shall have an electrical output capable of initiating a 20,000
erg initiator after runout of the set delay time.

H. The timer shall function with a 90% probability of proper operation with
a 90% confidence level in any orientation of the timer and between and including
the temperature limits of O% to 110°F.

I. Timing accuracy, i.e., range of extreme timing en.'ors, is desired to be
within $2% and is required to be £5%.

J. Timer shall be operable and watertight under a pressure of 30 ft., of
water.

K. Timer shall have a shelf life of ten (10) years under the environmental
conditions specified in the above requirements.

L. The desired overall dimensions shall be 3" x 3" x 6" maximum.

M. The timer shall be capable of being consumed by fire and shattered by
an explosive force.

N. The timer shall withstand the transportation vibration test as specified
in MIL-STD =303 without detrimental effect to functioning capablilities.
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O. Timer shall withstand 5 fi. drop test when dropped on a steel plate (207
Brinell minimum hardness) having a minimum thickness of three (3) inches and
solidly supported on a reinforced concrete base .

P. The timer shall be incapable of being detected by noise detecting devices.
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i, SUMMARY

During this quarter test circuits were designed for evaluation of the parameters and
the components of the timer circuit,

It has been successfully demonstrated by statistical analysis of test data that a high
degree of reproducibility can be expected from the final circuit design. The technical
requirements state that the timer shall function with a 90% probability of proper operation,
and that the range of timing error should be within + 5%. Evaluation of the data from
21 successive timing cycles produced by a breadboard circuit shows that the probability
of a future timing period falling within + 1,3% of the average time is 99.7%, which is
well within the required limits. Results obtained from breadboard circuits are presented
to demonstrate the reproducibility of the device and to illustrate some of the circuit
design problems.

A series of actuation tests directed towards lowering the energy needed to actuate
the Sodeco counter was performed. It was found that by adjusting the armature-to-coll
air-gap to .002" - .004", and by properly adjusting the tension on a light spring (as
opposed to the usual heavyspring), the mechanical resistance of the counter movements
can be minimized. Since the efficiency of utilization of the electrical input power is
determined primarily by the design of the counter coil, a series of Sodeco colls, each
with a different resistance, was tested. A 10,000 ohm copper coll proved to be the
most efficient, and a 13,000 ohm coil containing 300 turns of nickel wire was less
efficient. In view of this information, we will obtain special coils wound with many
more turns of copper wire, which we believe will significantly decrease the required
energy .

A complete exhaust system for menufacturing current regulator tubes and for
experimenting with gases and electrodes has been constructed. Trouble-shooting
is in progress and tube assembly should begin shortly.

The discharge diodes and voltage nqulctots have been purchosod and the circuits
for testing these are being assembled.

Development of the vacuum tritium batteries is continuing, and several Model
R=-X2 batteries have been fabricated. No fabrication studies have been done on the
600 vua Model R-2 battery intended for use in the present timer. However, it is expected
that the information gained from experimentation with Model R batteries will be directly
applicable to R-2 fabrication.
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i DISCUSSION OF RESULTS

. DESIGN PHASE

ITEM |. ANALYZE TECHNICAL REQUIREMENTS
This item has been completed and was discussed in the first quarterly report.
ITEM 2. DESIGN AND SET UP BREADBOARD CIRCUITS AND CONDUCT TESTS

Purpose

Breadboard circuits will be used to test various counter arrangements to
evaluate circuit parameters, and to simulate the final circuit.

Status

A. Counter Circults

The results of counter actuation tests are discussed under ltem 3.

B. Timer Test Circults

In order to evaluate circult parameters, a breadboard circuit simulating
the final timing circuit was set up. An sterline~Angus recorder was
used to record the veltage across the timing capacitor as a functien

of time. This arrangement ylelds information concerning:

(1) The repetition rate of the discharge diode firings, (2) the firing
and extinction voltages of the diode and (3) the shape of the charging

curve.

A schematic diagram of the basic timer circuit test set up, not including
the recorder, is shown in Fig. 2-1. Note that the critical components
are placed in a desiccator jar. It was found necessary to use the jar

to prevent serious electrical leakage paths from developing across the
critical components and to ground as a result of reom humidity and

dust deposits.

The constant current used to charge the capaciter Ct is achieved by
using current regulator tubes and battery pack. These CR tubes
were made by Radiation Research Corporation under Contract No.
DAI-28-017-501-ORD~(P§-1419 and are described in the 9th and
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10th quarterly reports. The Esterline=Angus milliameter recorder,
which was used later, could not be connected directly across the
capacitor because the current drain would be excessive. There-
fore both large and small voltages across Ct were measured by
using a voltage divider circuit across C; feeding a D. C.
electrometer which in turn feeds a signal to the graphic recorder.
In addition, an electrostatic voltmeter was used in order to
periodically take voltage checks to compare with the recorder.
The revised circuit for measuring and recording the voltage on

C; is shown in Fig. 2-2.

By using a 1014 ohm resistor, the current drained by the divider
circuit is limited to less than 10 uua at any voltage up to 1000
volts, thus restricting the current drain from the capacitor to
about 1% of the 880 uua charging current. The voltage across
the electrometer is measured across Ra and is:

Va = Ra x V¢ , where R Als the resistance

value set en the electrometer.

The electrometer in conjunction with the recorder, in this case,
performs two tasks that an electrostatic voltmeter can not; It is
able to measure voltages smaller than 300V, and all voltage
changes-can be recorded.

The resistance RQ of the electrometer is chosen at some convenient
value, e.g., 1011 or 1012 ohms, in order to obtain full scale
deflection on a high voltage scale when Vet is at its maximum
value of 1000V. The reason for this choice of Ry is that if a
smaller resistor is used, the sensitivity of the voltmeter scale has
to be increased for full-scale deflection, and stray electrical
pick-up interferes with the readings.

Since the current through the divider is limited primarily by the
1014 ohm resistor, the current is approximately

l =V

€, or for full scale deflection,
1014
= 1000 - 10uua
1014
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If Rp = lO”ohms, full scale deflection (Vm) is
Vm =1 xR
=10(10712) x 10" 2 1 volt
For Ry = 1012 ohms
Vm = 10(10712) x 10'2 = 10 volts

For the first trial a value of RA = 10“ ohms was chosen. A
capacitor (Ca) placed across Ra to damp qut pick up was
later discarded when the value of Rp = 10'“ ohms was used
and a proper matching obtained to the recorder by the use of
a 300 ohm resistor (Fig. 2-2).

In order to make a quick appraisal of the timing circuit, it was
decided to set the test cycle at 1 hour. The equation for the
timing period is T » VC where T is the period, V is the

1
difference between the firing and extinction voltages of the
discharge diode, and | is the constant charging current. There-
fore, to pick C for a time period of 1 hour, a current of 880 uua,
and a voltage V,

C=TI - 3600x80x107'12 . 03 MFD
v 1000 N
The complete one hour timing circuit is shown in Fig. 2-3.
Several runs were made and the resulting curves for run #1 are
shown in Fig. 2-5, where the time between firings is indicated.
Standard deviation of the timing periods indicates the reproducib-
ility of this circuit. :

Calculation of standard deviation (s.d.):

N = total number of readings

Xi = Individual readings

X = average of the readings

X = Xj= 53 = difference between average reading and
individual reading

N 2|/2
s.d. = |2 6
| [

N
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Xi 2
Periods bt o1
1) 41.0 minutes .5 .25
2) 4.5 0 0
J) 4.2 .3 .09
4 4.0 .9 .25
5 41.2 .3 .09
6) . 42.0 .5 .25
7) 41.7 .2 .04
8) 42.0 .5 .25 N 2
9) 42.0 .5 .25 5§
373.6 1.47 = 1 i
Average = 41.5:= X
Jd. = 1.47 =.].163 = &.40 minutes
s \J_ -

3(s.d.) = £ 1.2 minutes
The significance of the 3 s.d. value lies in the fact that for normal

(Gaussian) distributions, 99.7% of all values will be within & 3 s.d.
of the average value. Therefore, the above results indicate that

99.7% of all timing cycles will fall within £ 3% of the average time
inherent in this particuler combination of components.

Run #2 (Fig. 2-6) shows the effect of removing C, from across the
input to the electrometer. The effect of pick-up is very noticeable.
Therefore, at this point there were two problems: 1) the effect of
pick up should be eliminated, and 2) the rounding off of the curve
after discharge should be corrected so that the extinction voltage
could be read.

By putting a 350 ohm resistor across the Esterline Angus, the sen-
sitlvity was decreased and the pick up disappeared. Eliminating
CA in the circuit shanged the time constant across the electrometer
so that its response was almost instentaneous and the extinction part
of the curve sharpened noticeably. The effects of these changes are
shown in Fig. 2-7 (Run #3).
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Some other effects were also noticed. Upon comparing the re-
corded voltages with those measured with the electrostatic
voltmeter directly across the timing capacitor, it was found
that the recorded voltage tends to drift upward. This effect
was found to be caused by drift in the voltage-division net-
work. The manner in which this drift was corsected is
discussed later. '

After establishing the circuit with a short timing cycle, another
circuit was set up to test the feasibility of a 24 hour cycle. This

was accomplished by enlarging the values of the charging capacitor
(to .1 mfd) and thé currenite 1160 vua).

The curves for the 24 hour run (Run #7)-are shown in Fig. 2-8A and
2-88. Two cycles are shown and the periods obtained were
approximately 23 3/4 hours and 24 hours less than 1% from the
calculated value indicating very low leakage currents. In
addition, the difference in firing times of the two cycles is

about 1%.

The portion of the curve that records the extinction voltage shows
a residual voltage of about 200 V, after the 8yylus has reached
steady state. Investigation showed conclusively that this residual
voltage results from pick up with Cshorted. Fig.2-9 (Pick Up
Test Circuit) Is a cress ~sectional representation of the terminals
feeding into the desiccator jar. By application of voltage to
point 4 with pelnt 2 grounded, the voltage on the 10 V scale

of the electrometer is 2-3 volts (which would correspond to 200 V
on the capaciter). However, there is no leakage path for the
applied voltage to reach point 6, since the aluminum plate is
grounded.

If the 1014 ohm resistor is removed from the bell jar and isolated

in another shielded bell jar, the pick up is reduced to less than 0.3
volts on the 10 voit scale. The results of isolating the 1014 ohm
resistor are shown in Run 9, Fig. 2-10, which shows only 30 volts
pick up on the discharge curve. However, this arrangement s not
too practical because leakage paths across the top of the dessicator
jar are increased by high humidity and the voltage across the
electrometer increases at a greater rate than expected. (Again the
reference voltage increassd).
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For Run #9, Fig. 2-10, it was decided to use a charging current
less than or equal to 900 uua since this value would be
approximately the half life of three 600 vua tritium batteries.
The current regulators available made a value of 880 uua

convenient.
For,
T = 24 hours
ICR = 880 vua
V= 1000V -
Cs Tl = 24x3.6x 103 x .88 x 10
v 103
= .076 ufd approximately or .08 ufd
Then, if:
C = .08 ufd

Icr = 880 (10712) amps

Vi = 1025V (for one particular diode)

T=VC = 1.025 (lgg)'x 8(10°8) 1 = 25.9 hours
| .88 (10%) 3.6(109)

This time compares with 26.28 hours as measured on the graph for
for the first cycle of Fig. 2-10. Leakage losses account for the
chart reading being higher.

In order to eliminate leakage and drift and to obtain a more re-
liable record of the timing cycle, a new timer test set-up was made.
This set-up is complete with the exception of the nuclear batteries
and counter and is shown in Fig. 2-14, A ‘({ithlcy model 220
electrometer with a voltage divider (the 10'“ and 1014 ohm
reslsters) Is hooked-up to measure the voltage across the capacitor.
The output of the electrometer drives the Esterline-Angus recorder
to provide a permanent record of the voltage wave-form. The
apparatus checks the operation of the whole circuit, Including

the diode. The reason for including the electrometer in the
hermetically sealed bell jar was to eliminate the problems men-
tioned above by providing a constant warm temperature and a

dry atmosphere for all components as well as complete shielding.
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A sample of the data recorded on the chart is shown in Fig.
2-15. For the two cycles shown, firing and extinction
veltages are censtent and the pick-up is undetectable.

The results of 28 firings of a new G .E. diode chosen at

random show no noticeable difference in the extinction voltage
(within recorder resolution), but some veriation in the firing
voltage.

Table 2-1 is a tabulation of firing times for 28 cycles as recorded
by the apparatus shewn in Fig. 2-14. If the first seven firings
are rejected and e eetistical analysis is made of the other 21
firings, one can get an idea of the reproducibility of the

circuit. The average time obtained for the 21 firings is

X = 10.99 hours
and

s.d. = .046 hours
so thet

3s.d.z .138hours = 1.3%.
Therefore, the pealbability that a future timing pertod will fall
within £ 1.3% of 10.99 hours is 99.7% (because 3 s.d. =99.7%
probabiiity level). Circuit adjustments will be made in order
to increase the cycle to 24 hours. Continous operation of this

apparatus will give addétional information regarding timing
accuracy and aging effects on the verious circuit components.
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TIMING PERIODS AS RECORDED BY TEST APPARATUS SHOWN IN FIG.2-14

Diode ATime Diode A Time
Firing Hours Firing Hours
I --- 15 11.0
2 14.7 16 11.1
3 14.0 17 11.0
4 18.7 18 10.9
5 14.7 19 10.95
6 14.7 20 10.95
7 13.5 2] n.o
8 1.0 ' 22 11.0
9 11.05 23 11.0
10 10.95 24 10.95
N 10.95 25 11.0
12 11.0 26 11.05
13 10.95 27 1n.o
14 10.95 28 11.05
29 11.05
SECRET
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PERFORM ACTUATION TESTS, DETERMINE MINIMUM ENERGIES

Purpose

To determine what the energy requirements are for actuating various
counters with different capacitors.

Status

A series of actuation tests were conducted during the first quarter, and
curves and data are included in that report. Since the Sodeco counter
type #TCeF4PE meets the physical and mechanical requirements of the
timer, recent actuation tests have been directed toward lowering the
energy needed to trigger this counter. Consultation wi th a Sodeco
engineer revealed the fact that the mechanisms of their 10 Impulses per
second counter and their 25 impulses per second counter are exactly

the same, the onlydifference being in the strength of the return spring
(the stronger spring being used for 25 impulses per second). However,
one spring can net be direcfly:substituted for the other without adjusting
the tension by bending the support post. Therefore the counters were
prepared for testing by attaching the light spring and adjusting the
tension until the armature returned satisfactorily. A method for
measuring the tension is being investigated. Adjustment was also made
to reduce the air-gap between the armature and the coil to the recommended
optimum spacing of .002" - ,004" .

With the mechanical movements optimized for energy, the efficiency

of the electrical input power is determined primarily by the coil design.
A series of colls, each with a different resistance, was obtained from
Sodeco, and each coil was tested in the counter. Table 2-2 shows the
minimum voltage and capacitance necessary to actuate the counter for
each coll. The results obtained are summarized in Table 2-2 and plotted
in Fig. 2-12. It is easlly seen that the 10,000 ohms coil (which has 32,000
turns all copper wire) requises the lowest voltage for a given capacitor,
i.0. the lowest energy. The 13,000 ohms coil has 34,000 turns of copper
wire and 300 turns of nickel wire, and assuming equal diameters for sach
set of windings, the nickel resistance Is 25% of the total. This value was
computed by knowing that an 8,000 ohm copper coil had 28,000 turns:

x - 8,000 ', '
00 TZBO0 ;  x = 9,800 ohms for 34,000 turns of copper.

SECRET

Sanitized Copy Approved for Release 2011/07/14 : CIA-RDP78-03642A000700060001-7



Sanitized Copy Approved for Release 2011/07/14 : CIA-RDP78-03642A000700060001-7

" SECRE

Page 14 of 65 pages

9,800 ohms is about 75% of 13,000 ohms. Therefore, the remainder,
or 25% of the redlstance must be caused by the nickel wire. This
figure is, of course, approximate but it shows that the efficiency of
the ceil is reduced by the addition of nickel which has a resistivity
about 5 times greater than copper. The advisability of obtaining
special coils with more turns of copper is being considered as this

would be one way of decreasing the power requirement.

TABLE 2-2

V=C NECESSARY TO ACTUATE 3 NUMERALS OF SODECO COUNTER

SERIAL NO. 246857, TYPE TCeZ4PE

VOLTS
Capacity 3200 ohm 8000 ohm 10,000 ohm
mfd Coll Coll Coll
.04 2000
.06 1100
.08 3200 1100 800
.09 700
.10 750 650
4 480
.18 380
.20 440 400 350
.30 330 300 260
.40 240 220
.50 220 220 190
.60 175
.70 180 180 135
.80 150

13,000 ohm
Coll

2100
1200
850
750
700
500
410
370
290
240
220
190
175
170

Counter was adjusted for using a light spring and a .002" - ,004"

alr-gap.
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Ancther set of actueting data l}l shown in Table 2-3. Here a heavy spring
was used and the counter was actuated with and witheut a diede in the
circult. These readings are semewhat higher than these taken in Table
2-2, shewing the impertance of having proper spring tension, and it

is quite evident that the dlede falls to transfer a censidereble per-
centage of the power. The plet of V vs C is shewn in Fig. 2-13.

TABLE 2-3

Minimum voltage to actuate 3 numerals on unter

Heavy spring,
.002* - 004" air
13K Sodeco Counter 7246113

Witheut Diode
.06 mfd 1510 velts
.07 1280
.08 ' 1050
.09 965
.10 825
1 737
13 640
With Diode
[ A Diode
.09 mfd 1210 #42 yellow
1180 #22 orange
.10 1040 #22 orange
1100 #40 orange
1 1005 #22 orange
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ITEM 4. ANALYZE RELATIONSHIPS AMONG CHARGING CURRENT, CAPACITY,
VOLTAGE AND ENERGY

Purposs

The timing peried (T) is governed by the law T a CV/I; therefore,
the capacitance (C), the voltage (V), and the current (I) are
parameters which must be chosen so that the energy requirement
of the circuit is compatible with the various components needed
to obtain the correct period.

The basic saniideretions concerning the circuit parameters were
discussed in the First Quarterly Report. Briefly, the problem is that
of choosing a capaciter large engugh to actuate the ceunter when
discharged through a diede, and ot thé same time arranging the
charging current to produce a 24 hour cycle. Of course, it is
desirable to keep the current at a minimum so that the least number
of batteries will be needed. '

If 1000 volts is usedas the firing vbitage, it is seen that a .07 mfd
(approximately) capaciter is needed to actuate the counter with

a 10,000 chm coll (refer te curve #1, Fig. 2-12). Now, since
the extinction voltage of the diode is about 200 to 300 velts

(@ rough idea of the extinction voltage can be obtained by com-
paring the voltage requirement with and without diode in Table
2-2), the minimum voltage at which the counter will be actuated
through a diode can be obteined by subtracting 300 V from 1000 V.
From curve 71 of Fig. 2-12, the value of capacitance required is
.09 mfd. To charge a .09 mfd capacitor to 1000 V from 300 V
requires a current of:

l: C'(V'-V.x) s .wx‘o-églm‘sw - 730W¢
I (4

Where | = chorging current, C; = timing capacitor, V; = Diode firleg
Voltage, V,, = Diode extinction voltage, and Te time.

Therefore, by choosing a counter withthe optimum coll and proper
mechonical adjustment, it is pessible to have a timer operating on
three 600 uua batteries. If, howsver, hewever, a capacitance

safety facter of, say, 50% be considered, a capacitor of .135 mfd
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weuld be needed, and the respective cherging current weuld be 1095 uua,
requifing four batteries.

Since keeping the number of batteries required at a minimum is a prime
consideration, metheds of decreasing the current requirement have been
reviewed. The three veriables thet can be changed ere eapacitance,
voltege, and time. If the capacitence is decreased, the charging current
will be less, but the ceunter will net actuete unless the veltage is in-
creased, which in turn increeses the cherging current required. If the
veltage is decreased, e lerger capacitor is needed te actuate the counter.
For example, at approximetely 225 volts a .4 mfd capacitor is needed to
actuate the counter witheut a diode. (See Fig 2-12). Under these
conditions,

la €V = .4x107% x 225
T ~ 86,400
which still requires feur batteries.

= 1020 yva,

The time intefval ceuld be lengthened to 48 heurs, thereby decreasing
the current by 50%. The enly drew-back here is the counter which
would have to be altered so that it counted by 2's instead of by 1's .
OF hand, this does net seem practical.

In analyzing the parameters, an interesting curve develops. Fig. 2-16
Is a plot of cherging current vs capacitence ai cemputed from curve #2
of Fig. 2-12. Here it is seen thet the current reaches a minimum value
ereund .09 - .1 mfd, which means thet in erder te insure minimum source
current, the timing capaciter should be clase te .1 mfd. The method of
derlving the current eurve fellews:

Refer to curve 2 of Fig. 2-12. At €=x .1 mfd, V = 700 volts,
Since | = f(_:_V_, where T« 86,400 seconds,

.6 .
l= Ix10 "x700 t 810 yua
86,400 .
in the same manner the pewer curve was also pletted on Fig. 2-14,

l.e. curve #2 of Fig. 2-12 was used and ing values of C and E
were substituted in the fermuie: W = 1/2CES, The minimum power
velue eccurs when a .4 mfd capaciter is used which Is a fairly high
vealue and requires a charging current of 1250 wa. The shipes of the
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pulses actuating the counter are depicted at several points on the power
curve. Below .4 mfd, a sharp pulse occurs and above .4 mfd a broad
and flatter pulse occurs. Both of these pulses waste a considerable
portion of their energy.

In summary, If our present type counters are used, the minimum charging
current, for a 24 heur perlod, will occur when a .1 mfd capacitor is
used and will be something under 800 uua.

Regarding the verious components, the two most critical (s discussed
in the previous report) are the diode and current regulator. For
example, in order te obtein a timing accuracy of 2%, (the desired
requirement) we can estimate the accuracy required of the diode and
current regulator.

The probable errer (ignering the capacitor s given by:

Percent Probable errer = ( (Percent error of dlodo)2 + 1/2
(Percent error of current regulater)” )

If we assume, in light of former experience, that we can make current
regulators good to 1%, we find the tolerable diede ervor to be
approximately 1.7%.

ITEM 5. STUDY CHARACTERISTICS OF COMMERCIAL COMPONENTS (Literature).
Purpose: |
We will use commercially evailable components if they meet the
requirements, and will make inquiries of various companies. This
applies particulerly te the voltage regulater (1350 velts), current
regulator, and the discharge diode.

Status:

This item has been completed: i.e. technical data from many
companies which manufacture speclal compenents has been reviewed
and evaluated. Veltege reguiators and discherge dliodes have been
purchased, and eveluatien tests will be cenducted. Current
regulaters are net readily availeble so Radiation Research Corporation
will develop and fabricete these tubes.
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ITEM 6. SELECT CIRCUIT DESIGN

The selection of the finel circult design will depend upon the conelusions arrived
@ f#in the analysis described in item 4 above.

ITEM 7. COMPLETE SET OF DESIGN DRAWINGS

a) Current Regulator  See Figs. 2-22, 2-23, 2-24, 2-25
b) Veltage Regulator See Fig. 2-26

c) Cepacitor See Fig. 2-27
d) Battery See Fig. 2-28
e) Switch To date, we have net been able to lecete a

commercial switch with the desired leakage resistance.
Proposals for switch designs are shown in Fig. 2-29.

f) Counter See Fig. 2-30
9 Dlschirge Circuit  See Fig. 2-31
h) Clrcuit See Fig. 2-32

. COMPONENT DESIGN
ITEM 1. SURVEY COMMERCIALLY AVAILABLE PARTS .

Status

This was a literature investigation and it has been completed.
ITEM 2. DESIGN TUBES AND ORDER PARTS.

Status

The current regulater tube has been designed and parts have been
ordered and received. Assembly will begin as soon as the vacuum
system ls ready for operation.
ITEM 3. DESIGN EXPERIMENTAL EXHAUST SYSTEM
Stetus
This design has been completed.

ITEM 4. DESIGN EXHAUST SYSTEM FOR FABRICAYING TUBES
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T - Sanitized Copy Approved for Release 2011/07/14 : CIA-RDP78-03642A000700060001-7



Sanitized Copy Approved for Release 2011/07/14 : CIA-RDP78-03642A000700060001-7
- | oStURE |
Page 20 of 65 pages

Status

Completed.
ITEM 8. CONSTRUCT EXPERIMENTAL EXHAUST SYSTEM

Status

The completion date for this system has been moved from July to
August because the Initiel construction incorporated some parts that
had vacuum leaks. The system has been reconstructed and is now
undergoing a trouble~-sheeting procedure to outgas it and to eliminate
any detectable leaks.

Fig. 2-21 is a block diagram of the exhaust system. One of the features
of the system is the errangement whereby the bell jar can be replaced
by a water-cooled quick-coupling to process finished tubes. Thus, one
basic exhaust system is used, and by replacing the top unit, the system
can be converted from an experimental set up to a production one.

The special water-cooled quick-coupling was Installed so that tubes
could be processed by heating with RF without destroying the vacuum=-
tight "O" ring seal on the tubulation. '

Also incorporated In this design is a special gas injector unit with gauge
which couples directly to the gas tank and exhaust system, thus elimin-
ating sources of air leaks along the line. This injector is manufactured
by the Linde Company for the sole purpose of transferring high purity
rare gas from tanks to exhaust systems.

ITEM 6. PERFORM TESTS ON ELECTRODES AND GASES FOR CURRENT
REGULATOR TUBE

Status

No work has been started on this item because the exhaust system has
not been finished and approved.

ITEM 7. DESIGN AND CONSTRUCT TEST CIRQUITS FOR ALL TUBES AND RUN
PRELIMINARY TESTS
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Status

A, Current Regulator Test Circuit

To test the operation of the current regulaters, the circuit shown in
Fig. 2-4 was used. This test Is not a rigorous bne but rather one of
expedience. The CR tubes allow the .001 mfd capacitor to be
charged linearly, and subsequently, the voltage across the CR tubes,
which is equel te the applied veltgge minus the voltage across the
capaciter, decreases linearly. By recording the current, as measured
by the electrometer and Esteriine Angus, and by teking periedic
voltage readings acress the capaciter to ground, a current-veltage
plot can be obtained. The recorded curve for this test is shown in
Run 76, Fig.2-11, and it is seen that the tubes cheten had good
rogulcﬁon from 50 to 1350 velts.

The proposed final cireult for testing CR tubes is shown in Fig. 2-17.
Before the test begins, SW1 is closed and a known veltage is applied
across the CR tube. Simulteneously with opening SW1 a stop-watch
s started and the capacitor C is allowed to charge to one volt, as read
on the electrometer. If the electrometer has been previously calibrated
with a standard cell, and the capacitor measured accuretely, the current ,
|, may be computed by:

| = \_ITC_ » when V = 1 volt and T equals the time required to charge

C to one volt.

This circuit can measure currents with much better than 1% accuracy.

B. Veltage Regulator Test Circult

Status
Fig. 2-18 shows the test circuit which will be used to test VR tubes.
By verying the input veltage, the current through the VR tube can
be veried between the limits which are required, and a voltage-
current plot can be made.

C. Discharge Diode Test Circuit
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Status

The testing of one hundred XD-1000 General Electric diodes has
been started. In orded to properly appraise these diodes, two tests
have been devised in light of the requirements of the timing device:

1. The reproducibility ef the firing voitage and the extinction voltage
will be tested.
2. The energy transfer capablility of the diode wlll be checked.

The circult for test 1 is shown in Fig. 2-19. This design evolved
from the consideration that the accuracy of the timer depends primarily upon
the constancy of the difference in voltage between the firing and
extinction voltages of the diode. If either the firing or extinction
voltage varies, the diode is useless, and therefore both &f these
values will be checked simultaneously by merely recording the
periods between firings. By statistical analysis, then, it will be
possible to determine whether or not a diode is stable and suitable

for the timer. Eight diodes can be tested simultaneously, and tests
have already begun. More positions will be added to the test set

so that it will be possible to obtain information regarding the possible
shifting of the diedes' voltages as a result of aging; i.e. It will be
important to knew whether or not a fllede changes its cheracteristics
after it has been fired several hundred times.

Fig. 2-20 is the circult to be used for measuring the energy transfer
of diodes. The diodes tested in this system will have their firing
and extinction voltages measured, and the difference between the
two voltages will have to be more than the minimum voltage re-
quired to actuate the counter with the chosen capacitance.

The circuit will be automatic once it is started, and a buzzer will
indlicate that the test is completed and that values can be read. The
firlng voltage will be read on the precision Hellpot scale and the
delonization voltage will appear on an electvestatic voltmeter.

Parts have been ordered for this cireult.

ITEM 8. DESIGN AND CONSTRUCT AGING SET-UP
Status
The primary concern here is the discharge diode, and an aging system

will be considered as soon as tests can be run on the tubes to
evaluate them.
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ITEM 9. SELECT FINAL CR TUBE DESIGN

Stetus

The present structural design is shown in Fig. 2-22 and the electrical
characteristics will be specified at o later date when circuit require-
ments are known.

ITEM 10. SELECT ALL COMPONENTS
Status

This is scheduled to be completed in December 1958 and will be related
to other items in the development schedule.

ITEM 11  ENCLOSURE DESIGN

Status

At a recent mesting with Mr. George Kays of Picetinny Arsenal on
August 12, 1958 it was declded that we would design the enclosure,
which must be a hermetically sealed unit. No work has been done
on this to date.

il. COMPONENT FABRICATION

ltem 1. BUILD EXHAUST SYSTEM TO FABRICATE TUBES

Status

The status of this exhaust system was discussed under Item 5 of Component
Design.

ITEM 2. FABRICATE COMPONENTS
Status

The current regulater parts are on hand and assembly will begin in
September, as scheduled.

ITEMS 3, 4and 5  Test CR tubes, diodes and VR tubes.
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These items have been discussed elsewhere in this report, and tests
will be started as soon as the tubes and test circults are ready.

ITEM 6. FABRICATION OF NUCLEAR BATTERIES
Status

Development of Vacuum Tritium Batteries under Army Signal Corps
Contracts Numbers DA-36-039-5C -78047 and D A-36-039-5C ~-75980

is continuing. R:cent progress includes design and construction of

a new high-pumping-speed vacuum system, receipt of fully-assembled
ceramic terminals, and febrication of several Model R-X2 batteries.
No fabrication studies have been done on the 600 uua Model R-2
battery intended for use in the present timer. However, it is expected
thet the informetion gained from experimentation with Model R
batteries will be directlyapplicable to R~2 fabrication. Tentative out-
line drawing of the Model R-2 battery is shown in Figs. 2-28.

IV. ASSEMBLE TIMERS

All of the items in this phase must await completion of other phases.
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Iv. DEVELOPMENT SCHEDULE

Revised 8/1/58

The follewing revisions in the schedule were made:
(Refer to Development Schedule as presented in First Quarterly Report).

| Design Phase, Items 2 and 6.

Item 2 was expanded in scope to include Item 6 because it Is more logical
to combine test results and design when the items are discussed.

Items 3 and 4. The period fer conducting these tests and analysis has been
extended to include September because new informistion was uncovered.

Item 7. The completion date for this item has been moved o September for
same reason as given for ltems 3 and 4.

i1 Component Design

item 5. Because of unanticipated vacuum leakage problems, the completion
date was moved to September.

Item 6. It is now evident that testing of gases, etc. will be extended thrbugh
October.

ltem 7. In order to get complete and meaningful data on tubes and circults,
an extended period of time will be needed. Therefore, work will be conducted
through December.

item 8. Although we have scheduled the aging set-up to be completed by
October, it may be completed in S ptember.

Item 9. In view of other changes, completion of this item has been changed
by one month.

Item 11. Estimated completion by December, 1958.
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Iti Component Fabrication

Item 5. It will be possible to stert wark on this item earller than eriginally
planned.

All other items on the schedule huve been left unchanged. The complete revised
development schedule follews.
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